Several studies have demonstrated that mothers with intellectual disability (ID) have a higher prevalence of mental health illness, lower socio-economic status, and a higher risk of alcohol and drug use compared to mothers without ID. The children of mothers with ID are over-represented in child protection and legal proceedings but are generally a less studied group than the mothers. The aim of this study was to investigate if children born to mothers with ID had an increased risk of being diagnosed with mental illness, injuries, and violence compared with children of mothers without ID. The study comprised a populationbased cohort of children born in Sweden between 1999 and 2005. Data were collected from the Medical Birth Register and linked with two other national registers; ICD-10 codes were used for medical diagnoses, including ID. The children were followed from birth to seven years of age. In total, 478,577 children were included, of whom 2749 were born to mothers with ID. Children of mothers with ID were at a greater risk of having mental health problems (adjusted odds ratio (OR) = 2.02; 95% confidence interval (CI) = 1.74-2.35) and ID (OR = 4.14; CI = 2.95-5.82) in early childhood. They had an increased risk for injuries due to falls (OR = 1.15; Cl 1.04-1.27). The largest risk related to trauma was violence and child abuse (OR = 3.11; CI = 1.89-5.12). In conclusion, children of mothers with ID had an increased risk for injuries, violence, and child abuse. We therefore suggest that parents with ID should receive evidence based support so that their children receive the best care and protection.
Introduction
The prevalence of children born to mothers with intellectual disabilities (ID) varies in the literature, ranging from 0.09% to 6.5% (Emerson & Brigham, 2013; Goldacre, Gray, & Goldacre, 2015; Hindmarsh, Llewellyn, & Emerson, 2015; McConnell, Mayes, & Llewellyn, 2008) . However, these reports are based on small cohorts with diverse socio-economic circumstances. Recently, a Swedish study affirmed that 0.21% of all children born between 2002 and 2008 had a mother with ID (Weiber, Berglund, Tengland, & Eklund, 2011) .
Several studies have demonstrated that mothers with ID had a higher prevalence of mental illness, smoking, and alcohol use compared to mothers without ID (Emerson & Brigham, 2013; Goldacre et al., 2015; Hindmarsh et al., 2015) . Moreover, their socio-economic status was lower, they were younger when they first became mothers, and more often lived as single parents than mothers without ID (Emerson & Brigham, 2013; Goldacre et al., 2015; Hindmarsh et al., 2015; Höglund, Lindgren, & Larsson, 2012b) . Moreover, violence within the family was more common; additionally, during the younger ages, they more often had been "in care" or abused (Emerson & Brigham, 2013) . Mothers with ID also had a higher level of stress, which increased when their child became older (Feldman, Legér, & Walton-Allen, 1997) .
Children of mothers with ID were more often born preterm and had a lower birth weight (Goldacre et al., 2015; Hindmarsh et al., 2015; Höglund et al., 2012a) . Children having one or two parents with ID more often had developmental delays and emotional/behavior problems; however, the frequency of such problems differs in the studies. One study reported that 43% of children of mentally retarded parents had learning difficulties (Morch, Skar, & Andersgard, 1997) . Another study described that 30% of children born to parents with cognitive impairment had developmental problems and almost 50% had emotional/behavior problems (Feldman, McConnell, & Aunos, 2012) . In a study involving younger children, it was found that 30% of children born to parents with ID had a developmental delay and 32% had behavior problems (Emerson & Brigham, 2014) . Emerson and Brigham (2014) also showed that the children born to parents with ID were more frequently exposed to accidents and injuries compared to children who were born to parents without ID (5% vs. 1%) even if the association did not remain significant after adjustment. Studies on small cohorts have shown that a large proportion of children born to parents with ID had also been abused (Booth & Booth, 2000; Lindblad, Billstedt, Gillberg, & Fernell, 2014) . However, parents with ID were seldom the perpetrators, but rather other close individuals around them.
Parents with ID commonly fail to seek medical help for the child (Emerson & Brigham, 2014) , and 40% of children born to parents with ID have experienced deficits in care such as malnutrition, low standards of hygiene, and under-stimulation (Morch et al., 1997) . One study claims that children of mothers with learning disabilities appear in family court more often due to child neglect (Booth, Booth, & McConnell, 2005) . Mental health problems in mothers increased the risk for neglect, and children of mothers with ID had the highest risk of being neglected (O'Donnell et al., 2015) .
It is also known that children of mothers with intellectual disability have a higher risk of perinatal death (Höglund, Lindgren, & Larsson, 2012a) . Little is known about whether children of mothers with ID also have an increased risk for mortality later in life. However, low socio-economic status has been shown to have an impact on infant mortality (Hjern, 2012) , child mortality (Shaw, Blakely, Crampton, & Atkinson, 2005) , and adult mortality (Galobardes, Lynch, & Davey Smith, 2004) .
Many of the above-mentioned studies, however, included small cohorts and were conducted on selected groups, or without following the children over time (Collings & Llewellyn, 2012 ; The National Board of Health and Welfare, 2005) . Further, there are only a few larger studies on children born to women with ID investigating their risks for mental illness, injuries, or violence (Emerson & Brigham, 2014; Feldman et al., 2012) .
The aim of the present study was to investigate whether children born to mothers with ID have an increased risk of being diagnosed with mental illness, injuries, and violence compared with children born to mothers without ID.
Method

Design
The study is a population-based register study on a cohort of children born between 1999 and 2005 in Sweden. Children of mothers with ID were compared with children of mothers without ID, as a control group.
Procedure
All the children born between 1999 and 2005 were identified in the Medical Birth Register (MBR). We were also able to identify the mothers in the same register and thus, obtained data on both the children and the mothers. Additional data about the children and the mothers during this time period were retrieved from two other national registers: the National Patient Register (NPR), and the Multi-Generation Register. The registers were linked together through the personal identification number, unique for every individual in Sweden. Each of the three registers contains different types of information and data, see 1.3 Data Sources and variables, for more information. Data were collected on all children in the registers from birth to 7 years of age.
Between 1999 and 2005, 654,003 newborn children were registered in the MBR. A total of 3009 children did not have a valid personal identification number and were excluded from the cohort. Only the first recorded child of every mother was included in this study (n = 478,577) . The stratification excluded 172,417 siblings to avoid the same mother from appearing several times. The number of mothers in the cohort was 478,577. In total, 2749 (0.57%) mothers had an ID diagnosis, Fig. 1 . about pregnancy and delivery outcomes but also some pre-pregnancy data (The National Board of Health and Welfare, 2015) . This study used the following data from the MBR: parity, family status, tobacco usage three months before pregnancy and at registration for prenatal care, birth weight, and gestational age.
2.3.2. National patient register. The National Board of Health and Welfare is a government agency in Sweden, which started in the 1960s to register information regarding in-patients at public hospitals. From 1987, NPR included all in-patients in Sweden; thereafter, from 2001, even out-patient visits except those in primary care have been included. The register also includes the main and the secondary diagnoses as well as the geographical and administrative data. In 2006, the register lacked only 1% of the main diagnoses of the registered patients. The highest rate of missing data was identified in psychiatric care patients (The National Board of Health and Welfare, 2016) . This study retrieved the medical diagnoses for both the mothers and the children from the NPR by using the International Classification of Diseases (ICD). For the diagnosis of ID, the ICD-10 codes (F70-F79) were used. ID is classified as having an Intelligence Quotient (IQ) below 70 and a lack of adaptive capacity, which occurs during the development period (World Health Organization, 1992) . For the diagnosis of ID for the mother, data were also collected from ICD 8 and 9 (ICD-8 codes 311-315, ICD-9 codes 317-319). All other diagnoses in the NPR were based on ICD-10. Other diagnoses used in this study were mental health problems (codes F00-F09, F17, F20-F69, F80-F99), drug abuse (codes F11, F12, F14, F16, F19), alcohol abuse (codes F10, K70, G621, I426, K294), epilepsy (codes G40-G41), falls (codes W00-W19), traffic injuries (codes V01-V79), burns (codes X00-X19), drowning and suffocation (codes W65-W84), poisoning (codes X40-X49), child abuse (codes T74), and violence (codes X85-Y09). Traffic, burns, suffocation, poisoning, and drowning were merged into one group (other injuries), violence and child abuse into a second group (violence and child abuse), and drug-and alcohol misuse into a third group (substance abuse).
2.3.3. Multi-Generation Register. The Multi-Generation Register at Statistics Sweden is produced by appointed public authorities and regulated by Swedish law. We retrieved information about disposable income, country of birth, and the education level of the mothers from Statistics Sweden (Statistics Sweden, 2016).
Analysis
The standard statistical package IBM SPSS 23.0 software program for Windows was used. Descriptive data, such as maternal health and socio-demographic status and the newborn's health, are presented in frequencies, percentages, mean values, and standard deviations (SD). Comparisons between mothers with and without ID, as well as between children born to women with and without ID were performed using chi-square test, independent t-test, and univariate and multivariate logistic regression. The multivariate logistics regression analysis was performed in two steps: first with factors related to the mother such as age, education, tobacco use, substance abuse, and mental health problems. Thereafter, factors related to the child were added, including gestational age, mental health problems, and epilepsy. Risks are presented as odds ratio (OR) with 95% confidence intervals (CI). The study was approved by the Regional Ethical Committee in Uppsala, Sweden (Dnr: 2012/349).
Results
Maternal health and socio-demographic status
Mothers with ID were younger than mothers without ID, with a mean age of 27.7 years (SD 5.8) and 29.7 years (SD 5.2), respectively. The mothers with ID cohabited less often with the child's father compared with the mothers without ID. These mothers also had a lower level of education and less disposable mean income of 110,972 SEK/year compared to 126,968 SEK/year in the control group. A higher proportion of the mothers with ID had mental health problems and used tobacco, alcohol, and drugs before and during pregnancy (Table 1) .
Children's newborn health
The children born to mothers with ID were more often born premature. The gestational age, however, was quite similar between the cohorts (mean 39.4 weeks and mean 39.8 weeks). Children of women with ID had a lower mean birth weight than the control group (3,411 g and 3,517 g, respectively), and they were more often born small for their gestational age (SGA), (Table 2) .
Children's mental illness, injuries, and violence
Children of mothers with ID were at a greater risk of being diagnosed with mental health problems (OR 2.65) and epilepsy (OR 1.83) in early childhood (Table 3) . They had a more than 6-fold increased risk of being diagnosed with ID compared to their peers.
Furthermore, children of mothers with ID had an increased risk of being exposed to injuries, violence, and child abuse. The study population had a 25% increased risk of injuries due to falls. Moreover, they had a 48% increased risk of other injuries (traffic, burns, suffocation, poisoning, and drowning) where poisoning was associated with the highest increased risk (unadjusted OR1.66). There was a considerable increase in risk of being subjected to violence and child abuse among children born to mothers with ID compared with the control group. This risk was more than three times higher (OR 3.11) in children born to mothers with ID compared to those without ID, even after adjustment for both maternal and child factors (Table 3) .
Discussion
In this population based register study, using robust ICD classification systems, we found that children of mothers with ID had a three times higher risk of being victims of violence and abuse. Children of mothers with ID were at a greater risk of being diagnosed with ID and mental health problems in early childhood and they had an increased risk of needing medical attention due to trauma, such as injuries due to falls.
Discussion of the results
We found that children born to mothers with ID had an increased risk for being diagnosed with mental health problems. There is a lack of knowledge about children's mental health in general, especially for children in the preschool-ages (Petersen et al., 2010) . Recent studies have indicated that between 7 and 10% of all school-aged children have mental health problems or disorders (Green, McGinnity, Meltzer, Ford, & Goodman, 2005; Stenmark, Bergström, Hägglöf, Öhman, & Petersen, 2016). However, mental health problems might be influenced by both hereditary factors and the childhood environment (Guintivano & Kaminsky, 2016) . The mental health diagnoses in children of mothers with ID have only been investigated in a few studies and seldom at a young age.
In the present study, children of mothers with ID had an increased risk of being diagnosed with ID themselves compared to the control group, which is consistent with recent studies reporting an increased risk of mental illness in children of mothers with ID (Emerson & Brigham, 2014; Lindblad et al., 2014) . The group of children with mental health diagnoses can also include children who have not yet been diagnosed with ID, since many individuals with ID often have mental health problems as well (Dekker, Koot, van der Ende, & Verhulst, 2002; Imran, Azeem, Sattar, & Bhatti, 2015; Molteno, Molteno, Finchilescu, & Dawes, 2001 ).
According to a recent review, earlier studies did not reach any consensus about the increased risk for developmental outcomes in children of mothers with ID (Collings & Llewellyn, 2012) . However, these studies were often performed on small, heterogeneous cohorts or on a sample from a group that already had well-known problems. Furthermore, all studies used different variables, definitions, and instruments, which makes it difficult to interpret and compare the results. Findings from some previous studies indicate that children's cognitive development is affected if they are born to parents with ID (Gillberg & Geijer-Karlsson, 1983; McConnell, Llewellyn, Mayes, Russo, & Honey, 2003; Morch et al., 1997) . Gillberg and Geijer-Karlsson (1983) showed that 20% of children born to mothers with ID had ID and 15% had suspected ID. Morch et al. (1997) described that 43% of the children born to parents with ID appeared to have learning difficulties. Our findings matched the results from a British study demonstrating that children under five years of age had an increased risk for developmental delays (OR 2.39) (Emerson & Brigham, 2014) .
Despite the statically significant increase in risk, the results in our study show a relatively small frequency of diagnoses of mental health problems or ID in the whole cohort compared to the other studies (Green et al., 2005; Maulik, Mascarenhas, Mathers, Dua, & Saxena, 2011; Stenmark et al., 2016 ). An explanation for this could be that ID can be difficult to diagnose before the age of five years (Moeschler & Shevell, 2014) . Even if some children with ID are not yet diagnosed during the preschool ages, our data still show an increased risk for children of mothers with ID to be diagnosed with mental health problems or with ID. The increased risk can be explained by heredity and the childhood environment (Guintivano & Kaminsky, 2016) but also by the fact that healthcare services may be more observant and eager to investigate children of parents with ID in the early ages.
The present study affirms an increased risk regarding injuries due to falls and other injuries for children born to mothers with ID. Some other studies have indicated an increased risk for accidents or injuries. However, after adjustment, the associations were not significant (Emerson & Brigham, 2014; Hindmarsh et al., 2015) . Also in the present study, only injuries due to falls remained significant after adjustment. A possible explanation could be that the group with the other injuries was too small for the analysis. According to one study (Emerson & Brigham, 2014) , parents with ID more often failed to seek medical attention compared to parents without ID (18% vs. 2%), which can lead to unnoticed injuries and accidents in this group. It is often necessary that these families receive professional support. Having a positive relationship between the support staff and the parents is an important factor in order to shorten the length of time before help is sought (Meppelder, Hodes, Kef, & Schuengel, 2014) . Injuries might also be a sign of neglect or abuse (Gregg & Elmer, 1969; Peterson & Brown, 1994) . Previous studies presented that children of parents with ID were more often exposed to neglect and more involved in child maltreatment investigations due to concerns of neglect (McConnell, Feldman, Aunos, & Prasad, 2011; O'Donnell et al., 2015) .
It has been speculated that children of parents with ID are more affected by violence and abuse than other children (Hewitt, 2007) . Studies about abuse and neglect have often been conducted on families that are already involved with the child protection agencies, and few studies have been done on a larger representative group (James, 2004) . Our study, with a large cohort, showed an increased risk for the children to be diagnosed as victims of violence or child abuse, even if the proportion was low. In a study by Lindblad et al. (2014) , four out of 21 individuals self-reported sexual abuse. This difference can be explained in two ways; our cohort included only children with documented diagnoses, and they were only followed up to seven years of age.
The prevalence of parents with ID in child protection proceedings has been reported to be 10% (Llewellyn et al., 2003a) ; moreover, in court proceedings 20% of the children of parents with ID had been exposed to either sexual or physical abuse (Booth et al., 2005) . Mothers were more often accused of failure to protect the child from the abuse (Glaun & Brown, 1999) . Hewitt (2007) suggests that abuse in children born to mothers with ID is not a typical characteristic of the mothers, but rather a result of lack of parental support leading to inadequate childcare. Mothers with ID also have an increased risk for being victims of violence and abuse themselves (Emerson & Brigham, 2013; Llewellyn et al., 2003b) . Undoubtedly, if the mother has been or is abused, it can also have an impact on the parenting skills.
Strengths and limitations
The strength of this prospective study is the large cohort that includes a population-based sample, following children up to the age of seven years. The cohort of children and mothers matches well with the number of children registered during this period in Sweden. The mothers with ID are well-defined since all of them are diagnosed with ID. However, we believe that not all mothers with ID in Sweden are included since some may not have received an ID diagnosis registered in the NPR. The children are also a well-defined group since almost all births in Sweden are included in the MBR, and the outcomes are based on the diagnosis. The frequency of children, diagnosed with ID or mental health problems, might have been larger if it had been possible to include those diagnosed within the primary healthcare services or if we had chosen a longer follow-up period. Children's health problems may be underestimated since parents with ID often fail to seek medical attention (Emerson & Brigham, 2014) .
In our analysis, we have adjusted for maternal and child factors. To increase the strength of the analysis, we merged some of the child outcome variables (e.g., violence and abuse) and some confounders (e.g., alcohol and drugs). We adjusted for well-known confounders, such as socio-economic factors, smoking, and substance abuse (Gissler, Rahkonen, Jarvelin, & Hemminki, 1998; O'Leary et al., 2013) .
A limitation of the study is the lack of information regarding fathers with and without ID. If these fathers had been included in the study, the knowledge would have been more extensive about these families, and the outcomes for the children may have been even better understood and explained. Given the under-researched nature of this population, we suggest further research with larger cohorts and/or follow-up to older ages as well as the inclusion of fathers in the study population.
Conclusion
Children of mothers with ID were more often diagnosed with ID and mental illness in early childhood compared to their peers. These children needed medical attention more frequently due to injuries, violence, and child abuse. We therefore suggest that parents with ID should receive evidence based support so that their children are provided with the best care and protection. Society, represented by healthcare services and social workers, for example, needs to be more aware of these risks when they encounter children of parents with ID.
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